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(57) A : consurnable (18) having afnonvolatile mem- 
ory device (19) therein for storing information such as 
usage information to be used by a the* original manufac- 
turer or re-manufacturer Memory device (19) can also 



be used to provided software updates or patches for the 
-microcomputers (30) within an image forming or other 
office' automation device,(10). ' ? 
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Description ' " 

BACKGROUND OF THE INVENTION \ . *! 
Technical Held " . , .7 T". " /, "\ 5 .. .'. 5 

This invention generally relates folmacje forming 
and office aiitomation devices and more particularly td a ; ; ' 
consumable for use in these devices which includes a ' 
memory for storing information about installation and 
exhaustion dates ahd consumable consumption i ahd tor ' 
updating programming within the devices. :< ' . " 

Background Art ^ J ' ~ ' * : '* ' 

Most image forming devices,' such ! as "facsimile 
machines', printers ahd copiers, utilize any number of v " * 
consumables,' e.g. toner, ink, ribbon;' photocohductbr; ' '* 
developer, etc. , which need to be replaced at the end of - " : " 
their lives. The service life fdr a consumable is generally 20 
designed' by the rrtariufacturer and is monitored by the 
print engine in which it operates. Optimally, near the enb "* 
of the consumable's' life, the print engine displays a 
message to theVser on the front panel of the device or 
on a host device, such as si' personal computer, con- "'25 
cerningthe status of the consumable. ' ' * 

Because of the way" in which the consumables are " 
marketed, it is very difficult for the manufacturer to 1 
gather information directly from the operator^ 1 of the 0 
consumable prod utfs. concerning consumable, jcon- .30 
sumption rates and-use. More often* than not, the con- - ' 
sumable products are retailed through large distributors 
and Ye'turned directly to the rfianufacturer or re-manu- 
facturer for recycling upon exhaustion without a' return' 
address. The result has been that manufacturer^ have 35 
had to" gather information about product usage indi- 
rectly. For example, trying to track manirfariurihg dates 
and lot numbers to gather gen eral usage informatibh; 
However^' this method is only suitable for identifying gen- 
eral trends* since 1 it is very difficult, if riot imp>ossibl£, to 40 
guess install ation* and exhaustion dates due to varying 
shelf times and the wide geographic region' of product 
distribution; "' " ■" ' *' . ' ' * *; 

As a consequence, manufacturers heive attempted ' 
to get information directly from the consumer by includ- 45 
ing product survey cards with the new consumable 
products. Unfortunately, the participation rates for these 1 
kinds of surveys are quite low in comparison to the" total v 
number of products sold. Historicall y, particfpation rates 
have been as low as 2%. ' It is very easy for the 'con- ' so 
sumerto discard the survey card when the new con- 
sumable is installed, i t 

Examples of the types of consumable'devices ih a 
laser printer are: the toner cartridge(s); the photocon- 
ductor,' typically a drum or belt; developer' asseriiblies; ss 
the silicon pads pri the fuser rollers; 1 fusef a^sejtiblfes; ' 
cleaning rollers; oiling rollers; transfer assembles arid 
even transfer' belts and gear trains. Other consumables' 



for other devices include such things as ribbons, ink car- 
tridges; ink bladders; and ink print heads. 

Additionally, it is oftentimes desirable to provide 
updates to the programming of office automation and 
image forming devices to provide 'additional features, 
adjiist operating" pararra^^ For 
instance, in one color laser printer currently brVthi mar- 
ket there are at* least four separate microcomputers 
within the device. There isr one microcomputer in the 
user "display to gather data from the user and present 
visual display of important data to the user^there is a 
micrbcpmputer in the print engine^ to control the xero- 
graphic image development process, there is a micro- 
computer " which takes a desired printed " page "and 
Vasterizes the image for transfer 1 to the feser imaging 
device within the print engine, and - finally there is 
another microcomputer to control access 'to and data 
interchange with a local area network or LAN. Likewise, 
with otherirnage forming devices and offide automation * 
devices it may prove necessary to update the computer 
software/firmware for any of the microcomputers that 
reside within the office automatibn 'equipment. 5 Cur- 
rently hbwever, this is both difficult and expensive to 
accomplish since it is heciessary to physically change 
out "the mernory device, typically a ROM (read only 
memory) of some sort. Most often, this must be accom- 
plished by a service technician or "an expensive factory 
recall? v ' ' Ji - ; '' 

'Presently, ; trie "comrtiunicatibrr between a host 
device and a printer is primarily "one way" in the sense 
that most of the information is sent from the host to the 
priiiter'to be printed! A very limited amount of informa- 
tion;' specifically a paper supply tray status bit and a 
toner cartridge low status bit, is sent from the printer to 
the host device. *' ' " ' " 

Accordingly it would 1 be advantageous to'provide 
more direct 'communication* with the manufacturers of 
the consumable components Ve^garbing the consump- 
tion rates, installation ahd exhaustion 'dates arid other 
key information. Additionally it would be advantageous 
to be able to provide software patches and'-updates to* 
the office automation and image forming devices'. Also,, 
it would be- advantageous to provide a : robust two way 
cx>mrnunicatidHs link between a host bevice 1 and* image 
forming and office automation devices. 

SUMMARY OF THE INVENTION^ ' - 

TT^ — ■•■ ■ — ~~~ ■ * 2 <■ ,• .r. - 

This invention employs a memory device Ibciateb on 
or vvhhin the consumable and'can use software in either 
or both the image forming or office" autdmation device 
and/or software in 'a !host computer connected to the 
image forming or office automatiqndevice, for example 
in the'pVint driver software. A cdmmunication channel 
interface is provided which allows the memory device td' 
receive and store data from a host device such as a per- 
sonal computer. Additionally the communication chan- 
nel can include a data path to the' various pVbgram 
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storage elements for the microcontrollers within the 
image forming or office automation device which the 
consumable serves. This data path allows the memory 
device to provide software updates or. patches for the, ( 
software, prpqrams.for the microcontrollers. This aljpws . . 5 
device featur^ ^ software 
bugs tp.6ejix.ed without direct user "inter veriti ion. A spe- 
cific, example, is an update to the color lookup tafcfes 
which control generation of . specif ic jcblor shades." As, ; , 
toner formulations are optimized it is sometimes neces- w 
sary to alter some Qr all ? of .the ^lectrographic printing 
parameters to take aidyantag e pf the n ew tori e r for mula 
tion. Until now," there has been hp cpnvenient way to do 
this to an image forming, device already in service. " . . 

The mempry. device is a nonvolatile memory device 15 
such as.a 256. bit EERROM,, part number DS2430, .a ^ . 
three wire ; serial memory devijce madefy Dallas .Semi: t 
conductor,), a is kbit EPROM, part number DS1991? . 
which is ,apne wire.serial memory device made, by Dah rt 
las Semiconductor, a.93-CS46 two wire serial EEPROM 20 
manufactured by National Semiconductor, a .4' kbit serial,,. . 
FRAM (ferro-ram),. part number FM24Cp4, manufacr.. . 
tured by Ramtrqn pr. a, similar device. A simple and reli- , . , 
able .electrical .connection is provided between the 
consumable electronics and the image. forming device 25 
which doesn't require any user intervention. , 

By. modifying the software in the host device, such 
as the printer driver in a host computer, the driver can 
be made to recognize a request for^jnformation from the 
image, forming or. off ice .automation device.. The t driver . 30 
then extracts the desired information from. th,e host . 
device and forwards, this information, to the memory . 
device for storage. Likewise, the control software. in the 
image forming and office automation devices c^n be 
modified to both generate these requests and to recog- ,35 
nize a request from the host, device for information 
about the various cqnsumables or' query fpr infoimatibn 
stored.in ,the consumables' memories, Additional rnodj- 
ficatibns may be necessary to the communication prqtp-.. 
cols ta accommodate the request's. In s the case of an [40 
image forming device, it is convenient to provide sup-. 
port for the requests in either tr>e POSTSCRIPT (POST- 
CRIPT is. a "trademark of Adobe) printer language pr the 
PCL (F^CL is a.tradernst'K of .Hewlett-Packard) printer 
language. , ^ , ^ , t ; . . ; . 45 

For example, using the bidirectional Centronics 
printer connection, the printer driver software or. even 
application software can generate one or more pieces 
of irjformjation Jo be, stored within the consumable, mem- 
ory, wji ijch can, tt)en~ be , accessed at a Jat er * t i rhe^ by th e so 
consumabl e. re-manufacturer. Thi<s information can con- , 
tain, usage, rate information, for e*ample^ wjiich ,can.be ; 
used to. tailor future product develppment to better serve ( . 
the.end user. In addition to. usage, rate t information, j.nfofr. 
matlon such as the installation date, print densities of [55 
print jobs, host computer .type, operating system, . 
number, of . consumables consumed since purchase V 
dat^,, number of page^ printed since last consumable. 



average consumable life, consumable manufacturing 
codes, warranty prorating information, user preference 
settings, etc. can be stored to help manufacturers 
gather key information more" accurately and easily as 
well as providing a tightly coupled device/host .package 
resulting in easier use by the consumer. *- ! r l - ' 

The software updating feature is triggered at the 
timepf.CQnsunr)able replacement byjdetecting the instalr 
lation ofjthe consumable. This, pan, be accomplished a 
number of, different ways. .One way. is to simply compare, 
a version /number pr manutapturing date .for the new 
consumable with apreviously stored version number or . 
manufacturing date of the old consurhable. If the newly 
installed consumable has a newer version, number,, an., 
installation date is requested from the host divide and 
stored ,in .the consumable memory. Additionally if the 
new con su ma hie .memory contains. a code patch, "an 
updating routine ip the programming ,pf the image form- 
ing device inactivated arid thkcode^ patch is uploadecf, 
from .the . cqnsumable . memory^ fnto ; a programmable 
memory in,, the, . image' t forming .'bjBviqe, The version 
number ,ot the consumable, _ memory deyice is r a|sq. 
update^, in ,tj^e irnage formiqg device lor future cpmpan-,, 
son with "qther newly installed, consumables. The con-! 
sumable mempry and host device continue to interact 
throughout the life of the consumable to storVuserJnfor; 
matipn. usage informatipp andean even pontinue to 
modify the,prpgramming in the image forming device, 
should conditions change. . . " ^ ... 

BRIEF DESCRIPTION OF f ffd'p^AWINGS ^ [[ 

Ffg," .1 is a schematic representation of an ../mage 
forrrjing^deyice. incorporating a cohsumable haying, a [ 
memory d wipe. therein. '* ^ ^ . 

Fjg ; 2 js.,a ^ diagram illustrating on e. possible CQn.suirp- 
able 'm^rribry segmentation "scheme for.both^ the^first" 
and s.ecortd Embodiments of the invention/. ~ r r "j* ^ ' „ 

fjig, "3 is X i .bldck 'diagram schematic rppresentatibn^ 
pf a riiicrpcomputer arrangement ^c^pabie ~of being r 
updated via .a code i( patch stored c i*n ( 't|ie TOnsumafci'e ' 
memory device.. . . ... t ",„•. " . I, 

Fig. 4 is a flow diagram "illustrating the software 
impjementation of the inventipn in a print engine cpmpu- 

^Fig. .5 is. a flpw diagrarn illustrating the software 
impiemepta^tioVi pf the invention in an image forming 
computer.^ t \ / , . v . / . \ . ^ . 

^Fig. '6" is. a flow diagram illustrating the software 
implementation of the invention in a print engine compu- 
ter." ' " t : t ' u _ 

DETAILED DESCRIPTION OF THE INVENTION 

Referring f now Xo the figures, an , image . forming 
device ; 1Q fs.shown in schematic' representation jn Fig- 
ure I cbhKected to a host device 20^by a standard bi- 
directional ^communications printer cable, ^W^ile jhis* 
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representation is indicative of a laser type printer it 
should be understood that the invention is hot so limited 
and is applicable to other image forming devices and 
office automation devices such as' facsimile machines, 
thermal printers.' impact printers, »ink jet printers and vir- 
tually any other kind of device which uses expendable 
components to create the-images. The laser-printer 
example has been adopted for the sake of convenience 
and understanding only. Hence, any references to a 
laser printer, printing device or other specific printer ref- 
erences are intended to refer and apply to the broad 
categories of image forming devices and off ice automa- 
tion .devices which employ expendable components, 
broadly referred to as consumables'/ < ; ' -i, 

Image forming device 10 Includes a housing ii tb 
house its' various ' electronic; components.- In : general 
terms 1 , those "electronic r components 'include 7 a print 
engine 12, a printer controller 13, a formatter f4 and an 
input 1 5 for receiving data to be printed. In the case of a 
document printer such as' a laser' 'printer, print engine 
12, which-' is the device that actually am'xes the image^tb 
the print media, fixes or fuses one or more ton£r compo- 
nents to the print media to create the image: Printer 
controller 13 provides the supporting electronic control 
for the' print engihe'and provides an interface to the print 
engine: In the case of a laser' print ehgin'e/'pnhter con- 
troller 13 gen'erally'modulates the laser for phdtdcbn- 
ductor exposure, sets the relative bias "voltages" arid 
fuser temperatures, etc. Additionally, printer controller 
1 3 usually monitors' the status of the various consuma- 
ble components within image forming device TO- By Way 
of example, a toner* levePfeensor within tbrier- cartridge 
18 will generate a toner low signal when thelevieKbf 
toner within toner cartridge 18 falls below a specific 
level.This "signal is'ihterpreted'by print controller 13 antl 
the appropriate action taken. ' L ,f - ' : ' 

The first embodiment of the invention has a simple 
storage element or memory dB/iice 19, ! such as an EEP- 
ROM, affixed' to or within the housirig bf a consumable 
device such r as;torier cartridge 18 albrig with specially 
configured software or programming within printer con- 
troller 13. Other nonvolatile memory devices will' also 
work such as a battesry backed SRAM which advanta- 
geously allow both" 'reading and 1 writing the^ memory 
devic^:' The* prog ramming within "printer cbritfoller' T3 
detects both when a' new consumable is ; installed arid 
an end of life notification event for the consumable 1 . Thfe 
detection of these events can be triggered in many dif- 
ferent ways. For instance, to detect wheh a^new tdn&r 
cartridge has been installed a single s;hot fuse^cah'be 
employed which blows at the first use of the cartridge 
after installation. Alternatively, the removal arid replace- 
ment* of a consumable can trigger* a bbmpfarison of a 
previously stored consumable identification number, i.e. 
stored outside of memory device 19 in trie' irnage'form- 
ing computer or the engine control computer, with the 
identification number of the newly' installed consumable. 
A difference in the identification numbers indicates that 



the consumables have changed and most likely a new 
consumable 'has been installed. 

A second variation of the first embodiment has the 
programming or softwane residing in printer driver soft- 

5 ware' '21 Within hbsf 20. In this^ embodiment, printer' 
driver software 2 1 extracts the status of the consumable * 
and updates the consumable status and date ihfofrha- 1 
tion in rnemory 19 with every print job. ' : 

Fig: 2 shows one possible memory segmentation 

10 scheme for memory device 19. Memory segment 19a 
provides storage space for thVdate of manufacture for 
the consumable. Memory segment 19b provides stor- 
age space'forusage data such ^s the number of prfnted 
pages 'that the consumable 1 ; Kas beeri :: iri operation, 

is amount bf toner or ink remaining, etc Memory segment 
19c' provides storage space for calibration data for use- 
by the image forming device over thelife bfthe'consuhv 
able r such as the toner to* carrier ratib arid sensor cali- 
bration data! Memory segment 19d provides space' for 

2'o storing other information such as usage information, 
papertypesr requested print densities "or any drier data 
pertinent to the 1 printing process. Memory segment 19e 
provides storage space for software arid/or firmware 
patches to update the- software in ttte' image forming 

25 device' arid may include hiew' lookup 'tiables Such as the 
color lookup tables. This feature forms 'the 1 basis for the 
second embodiment of the inventibh. ; : " 

In most image forrning devices therVarea number 
of micrbcbrriputers 30 each controlling a different tunc- • 

do tion ? with trie image forming device. For lexarnple, ^there 
mayJbe a separate microcomputer in th'euser display to 
gather data from the user and present visual display of 
important data to the user;'a separate microcomputer in 
the print engine to control th£ xerographic image devel- 

35 oprrierit process; a* : separate c microcomputer which 
takes a desired printed page aind rasterizes the image 
for transfer to the imaging device within the fbrint engine; 
and a separate microcomputer to control accbss to and 
data interchange with host device or a ibcaT airea r net-' 

40 work; r ' " ll '* '* r *. 1 * ■ ' H ■'" '"'^ f - ? ** ' 

Fig. 3 illustrates a typical arrangement for one of the ' 
controlling microcomputers within an image -forming 
device. A intracomputer communications bus 34 serves 
to connect two or more internal microcomputers. Each 

45 rhicrocomputer may have several different kinds of 
memory device's dedicated for its use! Here, microcbm- 
puter 30 has a random access memory (RAM) device 
31 . a read only memory (ROM) device 32 "and a electri- 
cally erasable programmable read only^ rhembry -(EEP- 

50 ROM) device 33 connected in parallel, for the Sake of 
illustratibh, *by a data buV 35. address ' bus ' 36 and a' 
read/write enable line 38. Separate' select' lines 37 are 
provided between 5 microcomputer 30 and each of the 
memory devices. Normally, "factory instructions for 

55 microcomputer 30 are programmed into ROM 32 at the 
time of manufacture which implement the' functionality 
for a particular microcomputer 30. " '* v \ 

However, should it becorhe necessary or desirable 
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to update the instructions for a microcomputer 30, a - • 
software patch stored in memory segment 19e of con- : 
sumable memory device 1 9 can b ( e uploaded into EEP- 
ROM 33. A flag bit. an instruction address lookup t^ble, . 
or another similar^ scheme in EEPROM 33 can is used , t 5 
by microcontroller 30* to indicate T thatalternative. instruct . 
tions are.available in EEPBOM 33, rather. than the prigi- ., 
nal instructions in RQM 32. ; , In I this manner, whole,pevy 
features, can be introduced into an t existing product, by 
the user when they replace a used consuni^jejwith a . 10 
new^one .having^an updated cpnsumabl.e memory .. 
device 19*. ."„ <t< " ' /" ' . ' ' ' t ~J* „ 

A variation of the second embodiment : uses : a, ROM 
device ? for consumable memory, ^device 19, providing r ; . 
only the software patch, function and,. eliminating .the ~ is 
abil ity of the device \a store usage, ^data for r eclarpatipp 
at the time of Recycling jDr ^manufacture. .. } * v ^. r , # -. 

jn both the first and secpnd embodirrients.. of .the 
i nventiorv,, consumabl e memory, device 1 % , and . corr^- ; ^ . 
spondingsupportipg software in controller 13, formatter , 20 
14, f irmware 17,. host device 20 .and/or printer driver, £.1 ; , 
provide a. two way ( ,cpmrnun [cation between a consular; .... 
ble and, ,the host device enabling manufacturers-to both — , 
collect, datagram a -recycled consumable,' when it. is 
returned, to the factory and to .provide updated .prjnter.. .25 
control information to an , existing product in use in the, - 
field without a service call. : >( . . , . ;; ^. 

Figs. 4 - 6,graphjcally illustrate one implimentation, 
with variations, of the, spftware portion of the invention- . 
as it may be. implennented jn : a print control. Apmputgr : ;r ,3o 
(such as printer cpntroller , |3), r an. image processing^ 
computer (such as fprmatter, 14) and. a host deviqe r 
driver. Other modifications include .providing an.lnternet . 
or BBS Jink to provide an.additipna! of bidirectional corrk . 
municajtion with an image forming device to transfer 35 
code patches, usage. and statistical information, as we)L-. 
as informing.the user of new features. . v , iV ■ , - \ 

While thereis shown and .described the preferred - 
embodiment of the inventiqn r it is to be distinctly. under? , , 
stood that this invention is not limited theretd'but may be ,A0 
variously embodied to practice within the. scope of ; the 
following clairns. .: . ... , .. f % ,. . 

Claims.: . " {y /.J ... , . 

1 . An image forming device,(1 0) which comprises; 

. . : : ' \ v k r .- ; , : r ;u- -j-. , : w 
.a housing (11); . ... -, SJ r;: . v 
. •- : a print engine.(1 2). residing .within, the housing, ... 

, a printer., controller ^l^eletfrically cpnneqted. 
. .. to the, print .engine (12); : ,. , 

a consurn.abie ( 18), having a nonvolatile mem- 
] ory. device (19) attached , thereto. < and in elec,- : . 
. , tronic- communication. with ( the printer controller, ss 
1(1.3); and ' " 

a communication channel .connected "to the \ 
rt printer^ controller (13) and operatiyply.cpnnect- 
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. able to a host device (20) to obtain information 
.-therefrom, . . 

2. The image forming device ( ; 10) of claim 1 wherein 
the: printer control en; (13) is configured to detect 
insertion; of a new consumable (J8) into the image - 
forming i device (10): and store data^ from the host . 
d©vjcei(20);(n the nonvolattfe m^rnpry device (19). 

3. The image forming device £10Kof claim; 1 wherein . 
th]ei;printer::controller;,(13), is configured to.. detect - 
insettion of a new ; consumable (18) into the image , 
teaming device (10) and^store. data from the, host . 
device (20) in the nonvolatile memory .device (19) 
^nd iSjponf igur^d to detect the end of life of the con- 
sumable (18) and. store into rnation in,the nonvol^- 
Wp-mempry, device (19). related to the £ end. r pf*the 
consum^blps frfe^. j , e . j0 ; , yj -,. i K - V .^ H 

4. he ( {rpf ge forming device, (i 6) pf clafm 3 r wherein th e - 
nonvolatile mernpry deyicg..(19) includes program; , ^ 
nning -instructions ,to xjpdgte the functionality of. the . r 
im^geforming device (10). n . ( ., :/ . . j 

5. T^e^ image -forming devipe (1,0) of clairn,2 wherein , . . 
the .nonvolatile mernQry : d^ . , 
gramming instructions to update the functionality of, . 
the image forming d@yjce,..(lb). : ^> 

6. .The .image forming. ( device.{'l0) pf claim^l wherein . . 
th^ neinvolatile .memory deyjce . (19). ipclude§ t prp- 
gcarnrping instructions ,tp : update the functionality, of 1X 
^eJrnage forming device (10)... .. . ^ .. lt . t . „ 

7. ^consumable (18) M for. image fprrnjng devices (10) ^ }j 
which comprises: ! tCi .. . — ^.v . ^ . - r 

.-, ;^.^nsumabl^housing; and ,. f jr-.^^'i - ; ? 

,, .7 ,a nonvolatile mernory.devjce,.^^) attach.ed t to-.-".-] 
. ,. r the housing ^and CQnfigur^d to communicate 
...^electronically with the.Jmage forming device 

, ): ^{m^; }; ,^' :'"; ; ^ : ^^,i.;' : i ^; : .' : .1^ 

8. The ^consumable t (1 8) of claim 7 wjpier^jn the nonvpl- . 
,'atile, memory d^ce. fl^) inclp^s programming .1 
instructions to updat e ; the ; f unctional ity of ,t h e i mag e . . } 
forming ( de^jce (1Q). ; . c \. ^ r 

9. A toner cartridge for v irnage forming devices (10) 
which comprises: . . f . , 

..'I,; hqusing ;.and t , , ; ... 

r * , n a nonvolatile memory devipe. (19) .attached,. 
1 .thereto and configured to, .communicate el,ec r ( . . 
. , . .tronica(ly with the image forming device (10).'\ . 

10. he toper cartrjdgepf cl^im 9 wherein r the nonvolatile , ; „. 
memory device (19) includes programming instruc-^., ^ 
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tions to update the functionality of the image form- 
ing device (10). 
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